Objective: To determine serum levels of monocyte chemotactic protein-3 (MCP-3) and its clinical associations in patients with systemic sclerosis (SSc). Methods: Serum MCP-3 levels from 69 patients with SSc were examined by ELISA. Results: Serum MCP-3 levels were raised in patients with SSc (n = 69) compared with healthy controls (n = 28). Patients with diffuse cutaneous SSc (n = 36) had higher levels of serum MCP-3 than those with limited cutaneous SSc (n = 33). Patients with raised MCP-3 levels had pulmonary fibrosis and decreased vital capacity (VC) more often than those with normal MCP-3 levels. MCP-3 levels correlated positively with the extent of skin fibrosis, and inversely with %VC and carbon monoxide transfer factor (TLCO) in patients with SSc. Conclusion: MCP-3 levels were increased in patients with SSc, and correlated with the extent of skin sclerosis and the severity of pulmonary fibrosis. These results suggest that MCP-3 may have a role in the development of fibrosis in SSc.
M
onocyte chemoattractant proteins (MCPs) of the CC family consist of five proteins termed MCP-1, MCP-2, MCP-3, MCP-4, and MCP-5. Recently, significant abnormalities of MCP-1 expression have been found in systemic sclerosis (SSc). MCP-1 is strongly expressed in the epidermis, perivascular infiltrates, fibroblasts, and keratinocytes, but not expressed in any normal skin. 1 2 Furthermore, serum MCP-1 levels are raised in patients with SSc compared with normal controls, and correlate positively with pulmonary fibrosis (PF). Consistently, Luzina et al have reported that MCP-1 levels of protein and mRNA are increased in bronchoalveolar lavage fluids from patients with SSc with alveolitis, compared with patients with SSc without alveolitis, suggesting the potential role of MCP-1 in the development of PF. 3 These findings suggest that the increased expression of MCP-1 may abnormally recruit leucocytes into the affected tissues of SSc, leading to the development of fibrosis. In this study, we examined serum levels of another MCP chemokine, MCP-3, in patients with SSc, and related these results to clinical features.
PATIENTS AND METHODS

Patients
Serum samples were obtained from 69 Japanese patients with SSc (59 female, 10 male). All patients fulfilled criteria for SSc proposed by the American College of Rheumatology. 4 These patients were grouped according to the classification system proposed by LeRoy et al 5 : 33 patients had limited cutaneous SSc (lSSc) and 36 had diffuse cutaneous SSc (dSSc). Anti-topoisomerase I antibodies (Abs) were positive for 41 patients; anticentromere Abs for 21; anti-RNA polymerase Abs for 6. The remaining patient had negative antinuclear Abs. These patients were aged 2-77 years (mean 51). Their mean disease duration was 4.2 years (range 0.2-23). Twenty eight healthy Japanese subjects matched for age and sex were used as controls.
Clinical assessment
Complete medical histories, physical examinations, and laboratory tests were conducted for all patients at their first visit, with evaluations especially for PF during follow up visits. Organ system involvement was defined as described previously 6 7 : lung = bibasilar fibrosis on chest radiography and high resolution computed tomography; oesophagus = hypomotility shown by barium radiography; heart = pericarditis, congestive heart failure, or arrhythmias requiring treatment; kidney = malignant hypertension and rapidly progressive renal failure with no other explanation; and muscle = proximal muscle weakness and raised serum creatine kinase. PF was defined as bibasilar interstitial fibrosis on chest high resolution computed tomography. In addition, a pulmonary function test, including vital capacity (VC) and carbon monoxide transfer factor (TLCO), was also evaluated to examine the severity of PF. When the TLCO and VC were ,75% and ,80%, respectively, of the predicted normal values, they were considered to be abnormal. Patients with SSc who smoked or had respiratory disorders which might have affected the %TLCO or %VC, were excluded from this study. The modified Rodnan total skin thickness score (TSS) was measured by summing the skin thickness measurements, and determined by palpation on a 0-3 scale in 17 body areas. 8 The protocol was approved by the Kanazawa University Graduate School of Medical Science and Kanazawa University Hospital, and informed consent was obtained from all patients.
Detection of serum MCP-3 Serum MCP-3 levels were measured with specific enzyme linked immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis, MN, USA), according to the manufacturer's protocol. This ELISA system can detect all circulating MCP-3 isoforms. Each sample was tested in duplicate. The detection limit of this assay was 1.01 pg/ml.
Statistical analysis
The Mann-Whitney U test was used to compare MCP-3 levels, Fisher's exact probability test was used to compare frequencies, and Bonferroni's test used for multiple Abbreviations: Abs, antibodies; dSSc, diffuse cutaneous SSc; ELISA, enzyme linked immunosorbent assay; lSSc, limited cutaneous SSc; MCP, monocyte chemotactic protein; PF, pulmonary fibrosis; SSc, systemic sclerosis; TLCO, carbon monoxide transfer factor; VC, vital capacity comparisons. Spearman's rank correlation coefficient was used to examine the relationship between two continuous variables. Values of p,0.05 were considered significant. Figure 1 shows serum levels of MCP-3 in patients with SSc and healthy controls. Serum MCP-3 levels at the first visit were significantly raised in patients with SSc (median 5.3 U/ ml, range 0-38.1) compared with healthy controls (2.4, 0-6.2; p,0.01). For the subgroups of SSc, MCP-3 levels in patients with dSSc (7.4, 2.4-38.1) were higher than in those with lSSc (2.9, 0-6.9; p,0.001) and healthy controls (p,0.001). No significant difference in serum MCP-3 levels was seen between patients with lSSc and healthy controls.
RESULTS
Serum MCP-3 levels in SSc
Clinical correlation of serum MCP-3 levels
Values higher than the mean+2 SD (5.96 U/ml) of the control serum samples were considered to be raised in this study. Raised MCP-3 levels were seen in 17/69 (25%) of all patients with SSc, in 16/36 (44%) patients with dSSc, and in 1/33 (3%) patients with lSSc. Consistent with the association of raised MCP-3 levels with dSSc, patients with SSc with raised MCP-3 levels had anti-topoisomerase I Abs more frequently, but had anticentromere Abs less frequently than those with normal MCP-3 levels (p,0.05; table 1). In addition, MCP-3 levels correlated positively with the modified Rodnan TSS (r s = 0.35, p,0.01; fig 2) . The prevalence of PF and decreased %VC in patients with SSc with raised MCP-3 levels was significantly higher than in those with normal MCP-3 levels (88% v 35%, p,0.05 and 47% v 19%, p,0.05, respectively ;  table 1 
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DISCUSSION
MCP-3 is a powerful chemotactic protein that elicits the infiltration of monocytes, activated T lymphocytes, eosinophils, and basophils. 9 10 Interestingly, a recent study has shown that infiltrating monocytes around blood vessels strongly express MCP-3 in the skin of patients with early stage dSSc, whereas it is not seen in the skin of patients with late stage dSSc or lSSc. 11 Histological analysis of the initial stage of SSc shows the presence of perivascular infiltrates of mononuclear cells in the dermis, which is associated with increased collagen synthesis in the surrounding fibroblasts. 12 Consistently, our study showed that patients with dSSc had increasing MCP-3 levels. Collectively, these observations suggest that the augmented expression of MCP-3 abnormally recruits monocytes into the skin of SSc, mediating the initiation and progression of skin sclerosis.
In this study, serum MCP-3 levels correlated significantly with the presence and severity of PF. Although few studies have analysed the significance of MCP-3 in patients with PF, lung MCP-3 expression is augmented in murine bleomycin induced and radiation induced PF. 13 14 Furthermore, on lung biopsy specimens from patients with SSc with PF, macrophages accumulate in the interstitium, with total increased number of macrophages in bronchoalveolar lavage fluid. 15 Therefore, the abnormal accumulation of macrophages in the lungs may result from augmented local production of MCP-3 in the affected lungs of SSc, leading to raised serum MCP-3 levels in patients with SSc.
In our study, serum MCP-3 levels appeared to correlate with the disease severity of SSc, suggesting that MCP-3 plays a part in the disease process, possibly by augmenting leucocyte migration in the affected tissues in SSc. At present, no appropriate treatment for skin sclerosis and PF in SSc has been established. Therefore, these findings suggest that MCP-3 might be a therapeutic target in patients with SSc who have severe skin sclerosis or PF.
